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HI systems reliability failure modes/mechanisms

Impact of Flip Chip Impact of TSV/uBump
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Package on 3D chip-
stack (CPI)

#Stress induced by Cu-
pillars on low-K

#Stress induced by
overmold, laminates CTE
mismatch

on top die

 Built-in stress

«Stress varies as function of
temperature

Optics Engine

.,.._.___. -

Impact of 3D-SIC
bonding on dies
#Stress during bonding
+Stress due to underfill
CTE mismatch

Impact of die thinning

Impact of TSV on
*Releases stress

bottom die
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Oplics Engine
Swilch Chip

«Strength of die
Stress/strain can lead to

» mechanical failures due to
delamination, peel, fatigue, ...
» electrical impact due to
parameter shifts, increased variability, EM,...

#Built-in stress
*Stress varies as
function of temperature

Source: IMEC

l Multi-scale I

e Electromigration in TSV

. . 9 Microbump fracture

= =/ @ Electromigration/phase segregation

m I in microbump

concepts

oStress around TSV

Thermally induced stresso - - - -
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Die cracking @) 'l_!_%_lil_!_%- . __-!_

Glass/si
Interposer
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Interposer cracking @)

QSOIder joint fatigue fracture
Source: Subbaraya
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@ Interposer/PCB Warpage

o Interfacjal Fracture

o Intrinsic Stress/Deformation o Phase Evolution

| Multi-physic}
E

Driving forces are electrical, thermal, mechanical, and chemical!

PoP Memory
Package
: Package

Solder
Bridging

Stretch Non-wet
joints Open Pillow open

Hjo|ws]®| D

Package on package warpage
induced defects and failures

Head & Non contact
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Modes/Mechanisms/Models for degradation & failure -
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Reliable HI systems: Approach

Top down:
Artificial Intelligence
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Reliability Assurance Activities

and Machine
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Haz2+d Rate Curve
(Bathtub Curve)

Design/ Material/ Process

Use / Accelerated Test

variability

condition variability

Stress

Fraction Failing — A ‘Reliability’ Figure of Merit

Unit to unit variation
{material, geometry,
mfg)

“Micro Defects”

Multi-physics/multi-scale HI
systems require holistic cradle-to-
grave reliability methodology

Strength S
Reliability

Targets

Life Cycle
Conditions

Bottom up:
Reliability Physics

Failure Distribution
B>1

—— S ———

L -

Society

sphotonics

Design for

Reliability

Manufacturing

Knowledge
based Testing for
Qualification

Product Health

for Reliability Management

Supply chain

Integration
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HI System reliability <

Prognostics and Health Management Fusion of bottom-up .53,
physics and top-down Al
approaches

Al-based Degradation Analysis
Condition Monitoring Machine Learning, Deep Learning

. Sensors Fealure Extraciion
Anomaly D T : 5
P'![I-“;ll'ludr: Design/ Material/ Process i Unit to unit variation Dﬂm-aﬂﬂl}rn'::ﬁ ﬁnﬂmﬂj}' D¢t¢cu0ﬂ
L " variabili g material, geometry,
Machine L il Use/Acce\eratt\;dTest {mat mfgg] . Ncl.ll'a| -N-CT. Dlag‘lﬂshcs
condition variability “Micro Defects” Fusil]]]_
S Proznostics
Stress : Strength Reliabi htj" REI]]E‘.I[[]]]]E
. ‘Digital Twins® TTsefin] Life
Fraction Failing — A ‘Reliability’ Figure of Merit
Life Consumption : Reliability Physics | RP-based
Monitoring I (RP) I'f’:’d'-'lﬂ I Damage
USHEL' SONSOTS I . dT | Acceumulation
Canarics ; Expected Future | Estimation
v Use Conditions
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Reliability challenges in HI systems: Future outlook @

S — HETEROGENEOU
| Digital Twins

Reliability | Life Cycle Design for Manufacturing for | Qualification for$ustainment fdr Supply
Targets |Conditions| Reliability Reliability Reliability Reliability | Chain
Mobhile
loT 1-5 Years:
Applications Medical, Realth 3nd wearables Multi-physics fusion approaches for reliability assurance
HPC & Data Centers » Bottom-up Reliability Physics based approaches, tools, infrastructure
“‘“’ﬂ‘:;‘;:f*“‘* » Top-down Machine Learning & Al based approaches, tools, infrastructu
2.5D and 3D integration 5-10 Years:
Wafer Singulation and Thinning . . TR - .
chip-,,a.:.f,ge interactions (CPI) Fusion approaches for co-design (based on ‘digital twins’) and life-cycle

Package Integration | Interconnects (T5V8s, pbumps,
wirebonds, Flip Chip solder joints)
Substrates/Interposers

|  Fault-tolerant systems
Board Assembly |« Resilient systems
50C/SIP/SOP’® formats |
Microelectronics > 10 nm 10-15 Years:

O otonics & ootics Fusion approaches for intelligent, adaptive, reconfigurable products with

PHM of next-gen robust HI systems

Technologies SRR integrated autonomous life-cycle management capability
Power electronics . I t ” t If - t t
Enerey souces (Battaries/PV*/eC) ntelligent, self-cognizant systems
RF/Analog Devices |  Self-healing systems
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